Amelogenesis imperfecta (AI; MIM 104530) is a heterogeneous collection of disorders encompassing inherited congenital defects of dental enamel formation, causing variably small, discolored, pitted, grooved, or fragile primary or permanent teeth. At least 14 syndromic and non-syndromic AI subtypes have been described, including autosomal dominant and recessive, and X-linked recessive. Gene mutations that underlie both the non-syndromic forms and the tricho-dento-osseous (MIM 
190320
) and Jalili syndromes (MIM 217080) have recently been described. 1 We studied a large consanguineous Pakistani family in which all members had severe gingival hyperplasia and dental abnormalities, including delayed tooth eruption or failure of tooth development ( Figure 1a ). On examination, the adults had primarily gingival disease, while children had prominent dental abnormalities with minimal, possibly secondary, gingival hyperplasia. Many family members could not chew hard food, because their gingiva covered molar and pre-molar teeth. None of the family members had any renal abnormalities.
After obtaining informed consent, we undertook a genome-wide scan on 16 family members using the Affymetrix 10K SNP. Haplotypes, or clusters of SNPs that tend to be inherited together, were inferred from the data by Genespring GT (Agilent Software). Initial analysis included genome-wide autozygosity mapping to identify regions identical by descent that were shared among affected individuals, and parametric linkage analysis assuming a recessive mode of inheritance with 100% penetrance and a disease allele frequency of 0.001. We identified an 11-Mb region of excess homozygozity shared among affected individuals on chromosome 17 (autozygozity logarithm of the odds (LOD) ¼ 6.53). Microsatellite markers spanning this region were then used to genotype all family members. Key recombination events were detected between markers D17S807 and D17S1821, and D17S1786 and D17S949 (Figure 1b) , which allowed the linkage interval to be narrowed to 3.69 Mb. This region contains 34 genes.
Homozygous mutations in the gene FAM20A have recently been shown to cause a phenotype similar to that observed in our family. 2, 3 As FAM20A was included in our linkage interval, we used a candidate gene approach; we PCR amplified and directly sequenced all 11 exons of FAM20A (ABI Prism 310 Automated Sequencer). We identified a homozygous 29-bp duplication in exon 1, c.174-175ins29, which causes a frameshift and a premature termination codon (PTC) in exon 2,257-bp downstream of the mutation site (Figures 1d-g ). The mutation occurs between the first and second nucleotides of codon 59 (A, arginine), resulting in the potential insertion of 10 amino acids (APPPWRGTRP) followed by 85 foreign amino acids (Figures 1e and f) . However, given the location of the PTC, this mutation likely activates nonsense mRNAmediated decay, an mRNA surveillance pathway that promotes degradation of mRNAs containing PTCs, preventing the synthesis of truncated or potentially harmful proteins. Consequently, the levels of FAM20A protein in the homozygous affected individuals are expected to be markedly reduced or absent. The c.174-175ins29 duplication, which was excluded from 100 unrelated control Pakistani individuals by direct sequencing, completely co-segregated with the disease phenotype. This is the first reported duplication in the FAM20A gene.
FAM20A belongs to a family of secreted proteins (FAM20A, FAM20B, FAM20C), which regulates differentiation of hematopoietic cells and bone development. 4, 5 Within the mouse incisor tooth, FAM20A mRNA and protein are expressed in the secretory and maturation stages of the ameloblasts, the suprabasal layers of the gingival epithelium, and the odontoblasts, a localization pattern consistent with the phenotype of AI and gingival hyperplasia. 2 Vogel et al. 6 studied knock-out mice for FAM20A and FAM20C, and identified that mice which were FAM20A ( À/ À) and FAM20C ( À/ À) had severe AI. Additionally, FAM20A ( À/ À) mice had disseminated intrapulmonary and intra-arterial calcifications, raising the possibility of systemic disease in patients with FAM20A mutations.
Although further mechanistic studies are required to investigate the molecular function of FAM20A, published data support its crucial role for enamel development and gingival homeostasis. We have identified the first duplication in FAM20A and the fifth independent mutation associated with gingival hyperplasia and dental anomalies. M Zhang for technical assistance. We appreciate the collaboration with Drs C Higgins, C Luke and other members of the Christiano laboratory. This study was supported in part by USPHS/NIH grant RO1AR44924 from NIAMS (to AMC).
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